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1.0 INTRODUCTION 

MACSYMA is  a large and versat i le  computer programing system written i n  LISP 
which is  specifically designed f o r  performing-symbolic- as well as numerical 
manipulations. MACSYMA's numerous capabi l i t ies  for  symbolic processing o f  
mathematical expressions include: two-dimensional display of expressions, 
different ia t ion,  integration, polynomi a1 factorization, sol utions of a1 gebraic 
equations, manipulation of trigonometric functions, matrix and tensor 
manipulation, Taylor ser ies  expansion, and Laplace transforms. 

MACSYMA was original ly devel oped a t  Massachusetts In s t i t u t e  of Techno1 ogy and 
i s  implemented on a DEC K L l O  computer runn ing  under the ITS operating system 
i n  Cambridge, Massachusetts. Symbolics, Inc. of Massachusetts has converted 
MACSYMA to  r u n  on a number of other computers. 
obtained a l icense to  use a version referred t as U N I X  MACSYMA which runs on 

ments have been made for  LaRC a f f i l i a ted  researchers t o  access and use the 
Hampton University VAX 11/780 computer for  symbolic mathematical processing. 
The system i s  generally available a t  a l l  times. 

Hampton University has 
a DEC VAX 11/700 c l a s s  computer under  the UNIX P operating system. Arrange- 

T h i s  document will describe the use of MACSYMA a t  NASA,. Langley Research 
Center. I t  will provide an introduction to  the UNIX MACSYMA computer 
environment which features 

o Information that  new users need to  begin using the system 

o Resources available f o r  new and experienced users 

o Instructions and examples on selected features of MACSYMA 

The following notational conventions will be used throughout this document: 

< C R >  Represents the return (carriage return) key. 
<ESC> or <ALT> Represents the escape or altmode key. 

A Any character preceded by a caret  ( A  ) represents a control 
character. For example, A Y  i s  control Y .  That i s ,  hold 
down the control key while simultaneously pressing Y .  

Vertical e l l i p s i s  means tha t  not a l l  data the system would 
display is  shown. 

l U N I X  is  a trademark of Bell Laboratories 
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2.0 ACCESSING THE SYSTEM 

I n  order  t o  use MACSYMA you must ob ta in  an account on t h e  Hampton U n i v e r s i t y  
computer. To apply f o r  an account, complete a copy of t he  form e n t i t l e d  
"REQUEST FOR SYMBOLIC MATHEMATICS COMPUTER ACCOUNT AT HAMPTON UNIVERSITY UNDER 
LaRC SPONSORSHIP" which i s  a v a i l a b l e  from the  Computer App l ica t ions  Branch 
(CAB o f  ACD, Telephone (804) 865-3544). 
a t  the  back o f  t h i s  document. Send the  completed form t o  CAB. Once t h e  
a p p l i c a t i o n  has been approved by CAB and Hampton Un ive rs i t y ,  the  account w i l l  
be es tab l i shed and t h e  form w i l l  be re turned t o  you. 

A copy of the  form i s  a lso  prov ided 

Account ho lders on the  Hampton Un ive rs i t y  Computer may access MACSYMA through 
t h e  Central S c i e n t i f i c  Computing Complex d i a l - o u t  f a c i l i t y .  The fo l l ow ing  
steps i l l u s t r a t e  the l og - in  procedure. 

1. Set terminal Baud r a t e  t o  1200 

2. Press <CR> t o  s ignal  Central Data Switch. 

Centra l  Data Switch responds w i t h  

NASA LANGLEY CENTRAL COMPUTERS 
ENTER RESOURCE 

3. Type ADIAL <CR> 

When the connection t o  the  d i a l - o u t  f a c i l i t y  has been made, 
appears on the  screen. 

"GO" 
This message i s  fo l l owed  by: 

D I  AL-OUT FACILITY 
ENTER RESOURCE CODE: 

Proceed t o  step 4 i f  the above messages appear. 
problem i n  e s t a b l i s h i n g  a connection w i t h  the  d i a l - o u t  f a c i l i t y ,  one 
o f  t h e  fo l l ow ing  messages may appear: 

I f  there  i s  a 

U H AV A I L ABLE 
NO ANSWER 
UNAUTHORIZED 
WRONG SPEED 
NOT ASSIGNED 
BUSY, WAIT? Y/N (Type Y <CR> t o  w a i t  f o r  a DIAL-OUT l i n e  o r  N 

<CR> , otherwise. 

4. Type H I  <CR> 

The d i a l - o u t  f a c i l i t y  should respond w i th :  

DIAL I NG 

then a slash (/I should appear on the screen. 
t he  connection w i t h  Hampton Un ive rs i t y  has been es tab l  i shed. 
When the telephone l i n e  i s  busy o r  inopera t ive ,  one o f  t he  f o l l o w i n g  
messages w i  11 appear: 

Th is  i nd i ca tes  t h a t  
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NUMBER BUSY 
NUMBER INOPERATIVE 

I n  such instances w a i t  a few moments and try again from step 2. 

5. Log-in 

Once a connection has been made, communication i s  es tab l i shed w i t h  
the  U N I X  opera t ing  system. A t  t h i s  p o i n t  type <CR> and the  system 
w i l l  prompt you f o r  a l og - in  name (account des ignat ion)  and password. 

A f t e r  en te r ing  your  user name and password, the  system responds w i t h  

Las t  l og in :  . . . 
4.2 BSD UNIX  #2 

and d isp lays  the prompting character, a percent s ign  (%) 

I f  t h i s  i s  t he  f i r s t  t ime you have used the  system, you 
should immediately assign a password t o  your  account. 
designate a password, type 

I n  order  t o  

passwd <CR> 

The system w i l l  prompt you f o r  a password, and f o r  a 
v e r i f i c a t i o n  o f  the  password. 
con ta in  a minimum o f  6 characters. 

Passwords genera l l y  

6. Load MACSYMA 

To load  MACSYMA type 

MACSYMA <CR> 

A f t e r  a few seconds, MACSYMA w i l l  respond w i t h  

THIS I S  U N I X  MACSYMA RELEASE 309.2 
(C) 1976 , 1984 MASSACHUSETTS INSTITUTE OF TECHNOLOGY. 

The l a b e l  ( C l )  i s  automat ica l ly  assigned t o  your  f i r s t  command. A t  
t h i s  p o i n t  expressions may be entered f o r  eva lua t ion  by t h e  system. 
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7.  Log-out 

In order t o  log-out, type 

t o  exit MACSYMA. Then type 

logout <CR> 

If  your terminal i s  not connected to  MICOM, you may use an acoustic coupler or 
modem a t  300 or 1200 Baud to  dial the telephone number (804-727-5743) o f  the 
Hampton University computer directly.  
telephone receiver i n  the acoustic coupler headset, or press the data button 
on the data set and hang up the receiver. 
steps 5 through 7 of the procedure described above. 

When you hear the tone, place the 

A t  this point, you may proceed w i t h  

4 January 1987 
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3.0 SOME WCSYMA CAPABILITIES AND ILLUSTRATIONS OF SYNTAX 

MACSYMA has been re fe r red  t o  as a mathematical consul tant ,  and indeed i t s  
capabi 1 i t i e s  are unparal 1 e l  ed f o r  many s c i  e n t i  f i c and engi nee r i  ng 
app l i ca t i ons .  
t h e  necessary commands t o  ge t  connected t o  the  system, users a re  presented 
w i t h  command-lines (C- l ines) .  
entered. 
o r  c o n d i t i o n a l  statements. 

0 
I n  add i t ion ,  the  system i s  f a i r l y  easy t o  use. A f te r  e n t e r i n g  

A t  t h i s  po in t ,  FORTRAN-1 i k e  expressions can be 
Expressions may be composed o f  operators, var iab les,  constants, 

The system uses the  standard mathematical operators  (+, -, *, /, + )  and 
opera tor  precedence. MACSYMA a l so  features two non-standard operators. They 
are  o r  ! f o r  f a c t o r i a l  and . f o r  non-commutative m u l t i p l i c a t i o n .  The 
on ly  l i m i t a t i o n  on s e l e c t i n g  va r iab le  names t o  be used i n  MACSYMA expressions 
i s  t h a t  they must no t  begin w i t h  a d i g i t .  Constants, too, are s i m i l a r  t o  
those appear! ng i n  o ther  programing 1 anguages. 
constants  which are  used exc lus ive ly  i n  MACSYMA. 
which represent  7 ~ :  , e (base o f  natura l  logar i thms) ,  and 

Values can be assigned t o  var iab les  by us ing the  assignment operator  'I:". 

Funct ions are de f ined by us ing  t h e  ":='I operator, o r  a l t e r n a t i v e l y  by t h e  
command de f ine  

However, there  are th ree  
They are %P1, %E, and %I 

fly respec t i ve l y  . 

d e f i n e  ( f u n c t i o n  (arguments), body) 

Once a s y n t a c t i c a l l y  c o r r e c t  expression has been entered, i t  w i l l  be evaluated 
immediately by the  system. When the expression i s  terminated w i t h  ";", the 
system w i l l  d i sp lay  t h e  r e s u l t  using a D- l i ne  number. I f  the  expression i s  
terminated w i t h  "$" (do l  1 a r -s ign)  , the d i  spl ay i s  suppressed; however, the  
r e s u l t  i s  s t i l l  assoc iated w i t h  a D- l ine number. The D- l i ne  number represents 
a symbolic expression which may be manipulated o r  used i n  o ther  expressions. 

I n  a d d i t i o n  t o  the  usual i n t e r a c t i v e  mode o f  operation, MACSYMA a l so  prov ides 
a f a c i l i t y  f o r  execut ing commands stored i n  a f i l e .  
you f i r s t  c rea te  a f i l e  con ta in ing  the MACSYMA commands t o  be evaluated. 
Next, en ter  MACSYMA and type 

The process requ i res  t h a t  

batch ( "f i 1 e-speci f i c a t i  on'' ; <CR> 

Th is  f a c i l i t y  i s  very usefu l  f o r  producing e r r o r - f r e e  l i s t i n g s  o f  t he  
so lu t i ons  t o  complex o r  leng thy  problems, s ince m o d i f i c a t i o n s  can be made by 
us ing  t h e  t e x t  e d i t o r .  
i n  s e c t i o n  3.6. 

3.1 Simplification Functions 

Algebra ic  s i m p l i f i c a t i o n  i s  one of the most va luable c a p a b i l i t i e s  o f  a 
computer algebra system. MACSYMA has numerous commands which can change t h e  
form o r  r e w e s e n t a t i o n  o f  an alclebraic exDression. Cer ta in  commands. however. 

Some o ther  usefu l  MACSYMA f i l e  commands are described 

are more appropr ia te  f o r  a s p e c i f i c  c l a s s ' o f  funct ions.  
l i s t i n g  o f  se lected func t i ons  and the s i m p l i f i c a t i o n  commands appropr ia te  t o  
each. 

Table 3-1 conta ins  a -  
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Function 

Polymonial 
Rat ional  
Exponential/Logari thmic 
Trigonometric 

The s i m p l i f i c a t i o n  commands i n  Table 3-1 r e q u i r e  a s i n g l e  parameter as an 
argument. 
s imp l i f i ed .  
o r  RATSUBST commands. An i l l u s t r a t i o n  o f  t h e  use o f  se lec ted  s i m p l i f i c a t i o n  
commands appears b e l  ow. 

Th is  parameter represents the  expression o r  f u n c t i o n  t o  be 
Users may a l so  c rea te  s i m p l i f i c a t i o n  r u l e s  by us ing the  TELLSIMP 

a Appropr ia te Simp1 i f i c a t i o n  Commands 

EXPAND, FACTOR, FACTORSUM 
RATSIMP, FACTORSUM, RATEXPAND, XTHRU 
RADCAN 
TRIGEXPAND, TRIGREDUCE 

6 

- 
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Simplification Examples 

(Cl) p: (x -y ) * (x*Z  +x*y  + yA2); 

(D1) ( X  - Y) ( Y  + x Y,+ x 1 
2 2 

3 3  
x - 'f 

(C3) fac tor (p ) ;  
2 2 

(D3) - ( Y - X )  ( Y  + X Y + X )  

(C4)  q:x*2 - yA2; 

(D4) 

(C6) fac tor (%) ;  

z 2  
x - Y  

5 2 3  3 2  5 
Y - x  Y - x  Y + x  

2 2 2 
( Y - X )  ( Y + X )  ( Y  + X Y + X  1 

1 

4 z + x  

Comments 

(* ":" is the MACSYMA 
assignment symbol *) 

(*  1 ' $ ) 1  r efers to the 
. previous expression *) 

January 1587 7 



( C l l )  factorsum(%); 

( 4 Z + X )  ( 4 Y  2 + x  Y 1 

8 
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SIN(H + G )  

(cl8) tr igcxpand ( % I  ; 

z - 1  z - 1  
3 3 

SEC ( ---- ) TAE((---- ) 

(C21) t c  1 1s imp (cos (x )"2, 1-s in  ( x  1 "2) ; 

(C23) tr igreduce(%);  
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3.2 Integration 

The MACSYMA in tegra t ion  rou t ines  w i l l  f i nd  an i n d e f i n i t e  i n t e g r a l  f o r  a l a r g e  
class of  funct ions,  i f  one e x i s t s .  This class inc ludes  r a t i o n a l  funct ions and 
func t ions  t h a t  can be b u i l t  upon from t h e  r a t i o n a l s  using exponent ia l ,  logarithmic, 
t r igonometr ic ,  and inverse t r igonometr ic  operat ions.  There are th ree  d i s t i n c t  
s t ages  involved i n  MACSYMA's evalua t ion  of  an i n d e f i n i t e  i n t e g r a l .  
s tage ,  a t es t  is made to  determine i f  t h e  integrand is  of t h e  from 

During the  f i r s t  

This i s  accomplished by checking to  see i f  t he  d e r i v a t i v e  of  some subexpression 
d iv ides  the  in t eg ra l .  The method of so lu t ion ,  i f  t he  integrand i s  found t o  be of 
t h i s  f o r m ,  is to search an i n t e g r a l  table f o r  an en t ry  corresponding to  f and 
s u b s t i t u t e  g ( x )  for x i n  the  i n t e g r a l  of f .  I f  t h e  f i r s t  s t age  f a i l s ,  an 
attempt is made t o  match the  integrand to  a form f o r  which a s p e c i f i c  method ( f o r  
example, tr igonometric s u b s t i t u t i o n )  can be used. F a i l u r e  a t  t h e  second s t age  
d i c t a t e s  t h a t  the general Risch dec is ion  procedure be used. 

The INTEGRATE command is  used to  f i n d  t h e  d e f i n i t e ,  or i n d e f i n i t e  i n t e g r a l  o f  
an expression. The command requ i r e s  a minimum of  t w o  parameters. The f i r s t  param- 
eter i s  the  expression to  be in t eg ra t ed  and the  second represents  t h e  v a r i a b l e  of 
in t eg ra t ion .  For d e f i n i t e  i n t eg ra t ion ,  t w o  a d d i t i o n a l  paraineters are required.  
These parameters represent  the  l o w e r  and upper l i m i t s  of i n t eg ra t ion .  
of the  INTEGRATE command appear below. ( N o t e :  'INTEGRATE is  t h e  noun form of t h e  
command, and it causes the MACSYMA version i n t e g r a l  symbol to  be displayed.  The 
EV command is  used to  eva lua te  the  noun form of t h e  command. More s p e c i f i c a l l y ,  
when 

I l l u s t r a t i o n s  

EV ( % , INTEGRATE) 

follows 'INTEGRATE, it means evaluate  the  previous expression with r e s p e c t  to 
in t eg ra t ion . )  

10 



Integration Examples 

c c x  + I  
1 1 ------ 
I I z + x  

dX dZ 

/ /  

(D7) 

( C 9  1 ' INTEGRFITE(X*LOG( X 1, X, 8, l )  ; 
1 

/ 
c L 
I X LOG(X) dX 
3 
/ 

0 
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(D13) 

((214) Et'(%, INTEGRRTE); 

( D l 7 1  
t t t  2 1 - 

1 dX dY d Z  I I I ( Y  z + -------- 
1 3 3  2 

1 2  January 1987 



batch ( " t 8 jdluconp . max" 1 ; 

(e41 

Is E 

EV(%, INTEGRFITE); 

zero or nonzero? 

nonzero; 
2 

IS A E - C p o s i t i u e ,  negat iue,  o r  zero? 

2 B V  2 % I B E  

2 
/ ( 2  E SQRT(A E + 2 %I B E - C ) )  

January 1987 1.3 



2 
+ %I SQRTCA E - 2 %I B E - C) 

2 2 
/(2 E SQRT(R E - 2 %I B E - C) SQF!T(FI E + 2 %I B E - C)) 

January 1987 



%I A 1  %I A2 %I A 1  - A 1  %E 1 Kz + ( ( 2  a2 - 2 A 1  + 4 %I) 7E + 2 ZE Q2 

+ (- 2 A 1  - 4 %I) %E K 1 )  U2 + ( ( ( W  - A i )  %E + % E  F12 
21 ai  %I F12 %I a1 3 

. %I A 1  2 2 %I A 1  
+ (- 3 ai - %I) %E F12 + ( 3  A 1  + 2 %I A 1  - 1) %E F12 

3 2 %I A 1  %I Q2 %I A 1  2 
+ (- A 1  - %I A i  + Fll) %E 1 K2 + (- 4 %I %E - 2 % I % E  F12 

%I Fll 2 %I A 1  
+ (4 %I A 1  - 4) %E Q2 + (- 2 %I A 1  + 4 A 1  + 4 %I) %E 1 K l )  U l )  

3 2 2 3 
/(E - 3 R l W  + 3 A l  Q 2 - A l )  
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3.3 Hatrix Manipulation 

The MACSYMA System has provisions for all of the usual matrix manipulations 
including the computation of determinants, characteristic polynomials, and inverses. 
Matrix multiplication is performed by using the dot operator, "." 
can also be used for other non-commutative operations). Exponentiation is performed 
by using l lAA1 l  . Thus, M.M is equivalent to MAA2 and the inverse of M, if it exists, 
is MA^ (-1) . The arithmetic operations (+) , subtraction (-1 , multiplication ( * )  , and 
division (/) are element-by-element operations. Illustrations of the use of 
selected matrix functions appear below. 

(this operator 
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(ci) batch( "demo.max") ; 0 

Is the m t r l x  1. Diagonal 2. Symmetric 3. Antisymmetric 4. General 
Wswer 1, 2, 3 or 4 
4; 

Row 1 Column 1: 1; 

Row 1 column 2: 2; a . R o w  1 column 3: 3; 

Row 2 column 1: 4; 

Row 2 column 2: 5; 

Row 2 Colurm 3: 6; 

R o w  3 column 1: 7; 

R o w  3 column 2: 8; 

R o w  3 column 3: 9; 

Matr lx entered. 
C l  2 3 1  
c 3 
C 4  5 6 3  
c 3 
C 7  8 9 3  
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t A + 1  A + 5  B + 3  3 
c 3 

(mi [ 2 B + 4  B + A + 5  11 3 
c 3 
c A + l  E + ?  R E + 9 3  

(c9) rnll - IWTZ; 
c A - 1  A + 1  8 - 3  3 
c 3 
C 2 B - 4  B + A - 5  - 1  3 
t 3 
[ A - 1 3  E - 9  A B - 9 3  

c 7 ~ + 5 a + i 2  8 B + ? A + 1 5  9 B + 9 A + l 8  3 
c 3 
C 6 8 + 4 A + 3 5  9 B + 5 A + 4 0  12 B + 6 A + 45 3 
c 3 
t ( 7 A + 4 ) B + F I - 1 0  ( 8 A + S ) B + Z A - l 7  ( 9 A + 6 ) B + 3 A - 2 4 3  

18 
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CD13) 

E B  5 3  
c -  . - I  
c 2  6 3  
c 3 
C Q - 6  F I B 3  

3 
c 7  9 3  

----- - 

( C 1 4 )  WT3-(-1); 
c 14 FI B 
I 
I 2 
C 7 R B  - 1 5 Q + 9 0  

----- 

( D 1 4 ) W  1 
.- c 18 FI - 188 

t -  
c 2 
C 7 Q B  - 1 5 F I + 9 0  

( D l 6 1  e 
( C 1 7 )  WTZC2,23:fo.LT 

(cia) WTZ; 

( D i e )  

185 3 
~ __ 

2 3 
7 Q B  - 1 5 R + 9 0 3  

3 
63 B 3 

3 
2 3 

7 Q B  - 1 5 Q + 9 8  3 

----- 

C l  0 3  
c 3 
c 0  1 3  

C B  A - 6 3  
3 

c 2  7 I 
c 3 
C S  A B  3 

3 c - --- 
C 6  9 I 

- ----- 

C l  2 3 3  
c 3 
C 4 W  6 3  
c 3 
C 7  8 9 3  

. ( D i g )  c 7  8 9 3  
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C R H + 3  B 3 
c 1 
C 2 8  B + A  5 I 
c 3 
C ’ R - 6  E - 1 - R B l  
t 3 

c 1  
c 
c 
c 
c 
E 0  
c 
c 
c 
c o  

c 1  0 0 0 3  
c 3 
C O  1 0  0 1  
c 3 
c o  0 1 0 3  
c 1 
c o  0 0 1 1  

9 

- l 8 6 + 3 5  

(C24) HCI,JI:-l/(I+J-l)S 

(c25) GENMFITRIX(H,5,5,2,2) ; 

0 
1 
3 

(E) 

20 

3 

C I  1 1  1 3  
- 3  [ -  - - 

c 3  -1 5 6 3  
c 1 
c 1  1 1  1 3  

- 1  c -  - - 
c 4  5 6 7 3  
c 3 
c 1  1 1  1 1  

- 3  E -  - - 
[ 5  6 7 8 1  
c 3 
C l  1 1  1 3  
c , -  - - - 3 
C 6  7 8 9 3  

WTCH Dor(E 
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3.4 Generation of FORTRAN Code 

MACSYMA also has the capabi l i ty  t o  produce FORTRAN code. T h i s  feature is  
extremely useful i n  cases where you may w i s h  t o  incorporate your MACSYMA 
results i n t o  existing FORTRAN programs or use the results t o  create new 
programs on another computer. 

MACSYMA expressions can be converted t o  FORTRAN by typing 

FORTRAN (expression 1) ; 

FORTRAN (expressi on n )  : 

One method for transferring FORTRAN generated code t o  other computers is t o  
use an intelligent terminal equipped w i t h  a cassette tape (or microcomputer 
and  diskette) t o  store the information. Later the stored information can be 
read into another computer. 
i n  t h a t  the programmable keys can h e l p  you t o  efficiently remove labels from 
your expressions before they are saved on tape. 
CLOSEFILE could be used t o  create a f i l e  of the portion of your MACSYMA 
session con ta in ing  the FORTRAN expressions. An editor could then be used t o  
edit  o u t  labels and other extraneous information. Illustrations of the use of 
the FORTRAN command appear below. 

The HP 2647A terminal i s  useful f o r  this purpose 

Alternately, WRITEFILE and 
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FORTRAN Examples 

( C l )  a : m a t r i x ( C l , 0 3 , C 0 , c 3 ) ;  
C l  0 3  

( D l )  c 3 
c 0  c 3  

( C2 1 b : matr i x ( C 1,11, C c ,01 ) ; 
E 1  1 1  
c 3 
c c  0 3  

( C 3 )  p: (x-y)* (x”2+x%+yAZ);  

( D 3 )  ( X - Y )  ( Y  + X Y + X )  

c 3 3 
X I  [ x - ------ 

E 2 I 
c x + 4  3 

(D4) c 1 c 3 c 3  
3 x - --- c X 

c 2 1  
c X I  

2 2 

( C 4  1 q : x-*a/( xA2+4*b 1 ; 

((3) fortran(a);  

( C 6  1 f or t ran ( p ) ; 

(D6) DONE 
(X-Y)*(Y**2tX*Y+X**2) 

( C 7 )  r :s=p;  

( D 7 )  
2 2 

S = ( X - Y )  ( Y  + X Y + X )  

( C 8 )  fortran(r ); 

(D8) DONE 

( C 9  1 f ortran (q 1 ; 

s = (X-Y) * (Y**2tX*YtX**2 ) 

Q(1,l) X-W(X**2+4) 
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(Cll) answer; 
2 

( D l l )  - (sQRl(F\ E + 2 %I B E - C)  

2 
+ X3RT(FI E - 2 %I B E - C) 

2 2 
/ ( 2  E SQRT(FI E - 2 %I B E - C) SQRT(A f + 2 %I B f - C)) 
(C12) fortran(answer); 
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3.5 MACSYMA Editor 

MACSYMA has a very useful editor which  can be used t o  correct syntax errors, 
correct typ ing  errors, or modify previous instructions. To correct syntax 
errors i n  the current MACSYMA c m a n d  string type <ESC> <CR>. T h e  system will 
indicate t h a t  you are i n  the MACSYMA editor and will redisplay the command 
string. You can edit the string by us ing  any of the commands listed in Tabie 
3.2. 

Command 

B 

C (or n C )  

-C ( o r  -nC 

D (or nD)  

-D (or -no) 

I<string> 

J 

P 

S<string> (or  nS<string>) 

Table 3-2 

Some MACSYMA E d i t i n g  Commands 

Function 

Moves the cursor t o  end of i n p u t  string 

Moves the cursor one character (or n characters) 
t o  the right 

Moves the cursor one character (or n characters) 
t o  the l e f t  

Delete one character ( o r  n characters) t o  the 
right of the cursor 

Delete one character (o r  n characters) t o  the 
l e f t  of the cursor 

Insert string t o  the le f t  of the cursor 

Move the cursor t o  the beginning of i n p u t  string 

Reprint the i n p u t  string 

Move the cursor t o  the r i g h t  of the occurrence 
( o r  n t h  occurrence) of string 

-S<string> (or -nS<string>) Move the cursor t o  the l e f t  of the occurrence ( o r  
n t h  occurrence) of string 

An expression may be edited by u s i n g  a single command or mu1 tiple commands. 
When the insert or search command i s  used i n  conjunction w i t h  other commands, 
use an escape <ESC> t o  separate them. 
return cause the modified expression t o  be redisplayed. 
is  required, two add i t iona l  escapes followed by carriage return will return 
the expression t o  MACSYMA. 

Two consecutive escapes followed by 
I f  no further editing 
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I n  order t o  modify a previous MACSYMA command s t r i ng ,  use the s t r i n g  
func t ion .  
i s  C15, type 

For  example, t o  e d i t  command-line C8 when the  cu r ren t  command-line 

(C15) STRING(C8); 

The s t r i n g  f u n c t i o n  w i l l  red isp lay the  command-line. 
ed i to r ,  type <ESC> <CR> and e d i t  the i n p u t  s t r i n g  as i nd i ca ted  above. 

A sample i l l u s t r a t i o n  of the use o f  the  MACSYMA e d i t o r  appears below. 
Explanatory comments are de l im i ted  by (* and *) and appear i n  the r i g h t  
column. The symbol "$" represents the escape o r  altmode key. It a lso  denotes 
the  cursor  f o r  the  MACSYMA ed i to r .  

To enter  the MACSYMA 
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MACSYMA EDITOR COMMENTS 

(C10) 23*sqrt(yA5 + 8y - 3)/180; 
"Y "  is not an i n f i x  operator. 
23 * SQRT ( Y A 5 + 8 Y **3** - 3 1 / 188 
Please rephrase o r  ed i t .  

CC18) $ < C R >  
I n  ed i to r :  (Type jus t  <FI l t><Fl l t> t o  e x i t . )  
323*sqrt(yA5 + 8y - 3)/100 
8s88 1 *S3 <CR> 
23*s r t ( y " 5  + 8*Sy - 3)/100 
88 <C%> 
(C10) 23*sqrt(yA5 + - 3)/188; 

(* e n t e r  t h e  editor *) 

(*  locate "8" and i n s e r t  * following 

(*  r e t u r n  to  MACSYMA *)  
it *) 

5 
23 SCRT(Y + 8 Y - 3) 

100 
---------_---_------- (D10) 

(*  g e t  command C2 f o r  e d i t i n g  * )  

( *  e n t e r  t h e  e d i t o r  * )  

( *  move 9 cha rac t e r s  to  the  r i g h t ,  
d e l e t e  the  next  cha rac t e r  (21, 
and i n s e r t  "8" *)  

(*  r e t u r n  t o  MAcsYbii *) 

( X  - 4 )  
(*  g e t  l a s t  command s t r i n g  for 

e d i t i n g  *) 

(*  d e l e t e  f i r s t  cha rac t e r  (5) and 

( *  r e t u r n  t o  MACSYMA *) 
i n s e r t  11100" *)  
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3.6 MACSYMA File Canrnands 

MACSYMA has a v a r i e t y  of batch and storage func t ions  f o r  manipulat ing f i l e s  o f  
MACSYMA commands o r  expressions. The BATCH func t i ons  are use fu l  f o r  
man ipu la t ing  f i l e s  t h a t  may be created us ing a t e x t  ed i to r ,  wh i le  the  storage 
func t i ons  permi t  t he  user t o  specify t h a t  c e r t a i n  MACSYMA expressions should 
be w r i t t e n  to, o r  r e t r i e v e d  from disk. A summary o f  the  more f requen t l y  used 
commands appears i n  Table 3-3, and a sample MACSYMA i n t e r a c t i o n  f o l l o w s  the  
t a b l e  o f  commands. 
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TABLE 3-3 

MACSYMA FILE COMMANDS 

Commands Descr ip t ions  

batch ( "f i le -spec i f i ca t i on "  ) Reads and evaluates MACSYMA 
command l i n e s  from a f i l e .  

demo( "f i 1 e-speci f i c a t i  on" ) S i m i  1 a r  t o  BATCH except MACSYMA pauses 
a f t e r  each command l i n e  and continues 
processing when <CR> is typed. 
Typing any o ther  charac ter  f o l l owed  by 
<CR> terminates the demo. 

batch load(  " f i l  e -spec i f i ca t ion" )  I d e n t i c a l  t o  BATCH except no te rmina l  
ou tpu t  i s  generated. 

batcon (batcount  + 1) 

save ( " f i 1  e -spec i f i ca t ion" ,  

Resumes read i  ng a p rev ious l y  referenced 
BATCH f i 1 e, begi nn i  ng w i t h  the  
statement f o l l o w i n g  the  l a s t  expression 
read. 

Wr i tes se lected p o r t i o n s  expressions 
o f  a MACSYMA session t o  a f i l e .  

loadfile("fi1e-specification") Loads a f i l e  o f  q u a n t i t i e s  saved from a 
p r i o r  MACSYMA session. 

w r i  t e f  i l e  ( " f  i l e - s p e c i f  i c a t i  on") Opens a f i l e  f o r  w r i t i n g  and records 
a l l  i n t e r a c t i o n s  between the user and 
MACSYMA. 

c l o s e f i l e  ( " f i l e - s p e c i f i c a t i o n " )  Closes a f i l e  opened by WRITEFILE. 

Note: When your  cur ren t  working d i r e c t o r y  conta ins the f i l e  t o  be 
manipulated, t h e  " f i l e - s p e c i f i c a t i o n "  need only  c o n s i s t  o f  the f i l e  
name. Otherwise, the f u l l  pathname f o r  the  f i l e  i s  required. 

28 January 1987 

- ~~ 



Demonstration o f  MACSYMA F i l e  Commands 

( c l )  batch("mactest.max"); 

(c2) 
/* MACSYMA TEST */ 

PRINT "THIS I S  A TESTFILE"$ 

"THIS IS A TEST FILE" i s  no t  an i n f i x  operator. 
p r i n t  THIS I S  A TEST FILE **$** 
Please rephrase o r  e d i t .  

E r r o r  i n  batch f i l e  
(c2)  $ <CR> 
I n  e d i t o r :  
$PRINT"THIS IS A TEST FILE" 
ST$I($BI)$$ <CR> 

PRINT("TH1S IS A TEST FILE")$ 

THIS IS A TEST FILE 

( ~3 1 BATCON  BATC COUNT+^ ; 
(c4)  PRINT("N0W I HAVE LEARNED THE ERROR OF MY WAYS")$ 

NOW I HAVE LEARNED THE ERROR OF MY WAYS 

(C5) demo( " t e s t 1  .max") ; 

( ~ 6 )  EXP:X A2-3*X*Y+2*yA2; 

2 2 y2 - 3 x y + x (d6) 

( c7 EXP2: FACTOR( EXP ) ; 

(d8) BATCH DONE 

(c9)  save( Ntest2.max",exp2) ; 

(d9) [ t e s  t 2  .max , expz] 

(d10) BATCH DONE 

% MACSYMA 
Th is  i s  UNIX  MACSYMA Release 309.2 
( c )  1976, 1983 Massachusetts I n s t i t u t e  o f  Technology. 
A1 1 R igh ts  Reserved. 
( c 1 1 
t e s t 2  .max being 1 oaded. @ 

1 oa d f i 1 e ( I' t e  s t 2  .m ax I' : 
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( d l )  

( ~ 2 )  EXPZ; 
(d2)  

done 

(Y - X I  ( 2  y - x )  
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4.0 FILES AND DIRECTORIES 

A f i l e  i s  an area on a p a r t i c u l a r  storage device which contains data o r  
t e x t .  
assoc iated w i t h  p a r t i c u l a r  users. Each user has a working d i r e c t o r y  t h a t  he 
i s  assigned t o  when he logs  i n .  You can determine the  pathname o f  your  
working d i  rec to ry  by t y p i n g  

U N I X  f i l e s  are organized i n  d i r e c t o r i e s  which ca ta log  the  f i l e s  

pwd <CR> 

U N I X  f i l e s  are i d e n t i f i e d  by a base name and an op t iona l  extens ion which i s  
separated from the base name by ' I .". 

f ou r teen  characters  and do no t  inc lude the  character  "/". F i l e  extensions are 
used t o  describe the  type of information s to red  i n  f i l e s ,  and the  system has 
several de fau l t s  f o r  spec ia l  purposes. For example, II.cI' and Il.f" are  used 
f o r  C and FORTRAN source f i l e s ,  respect ive ly .  

F i l e  names usua l l y  con ta in  up t o  
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5.0 UNIX COWANDS 

A t  login, you are  assigned t o  the UNIX C shell2. 
percent ( % I  s i g n ,  and i t  indicates t ha t  the machine i s  waiting f o r  you to  
enter a command to  perform some action. UNIX commands should be typed i n  
lower case and are  terminated w i t h  carriage return. 
options, an expression, and arguments, can contain a maximum of 256 
characters. Numerous commands a re  available t o  communicate w i t h  the U N I X  
Operating System. Some of the more commonly used commands a re  introduced 
bel ow. 

The prompt character is  the 

A command, along w i t h  

*For information on changing shell s c r ip t s ,  consult the UNIX Reference Manual. 
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5.1 Camnands to Manipulate F i  1 es/Di rectories 

There a re  a v a r i e t y  of U N I X  commands t h a t  can be used t o  manipulate f i l e s  and 
d i r e c t o r i e s .  

Table 5-1 

D i rec tory  and F i l e  Commands 

Some of the more useful comnands appear i n  Table 5-1. 

Func t ion  Command 

1s 

c a t  

n l  

more 

head (-n) 

t a i l  ( -n)  

cd 

cd pathname 

mv f i l e  1 f i l e  2 

cp f i l e  1 f i l e  2 

rm f i l e ( s )  

P r  

cmp f i l e  1 f i l e  2 

d i f f  f i l e  1 f i l e  2 

L i s t  the  f i l e s  s to red  i n  a d i rec to ry .  

Displays the contents o f  a f i l e .  

Displays the contents o f  a f i l e  w i t h  l i n e  
numbers. 

Displays the contents o f  a f i l e  and pauses when 
t h e  screen f i l l s  w i t h  in format ion.  
t h e  spacebar p r i n t s  another screen, r e t u r n  
p r i n t s  another l i n e ,  and q terminates the  
d i  splay . 

Pressing 

P r i n t s  o u t  the  f i r s t  few l i n e s  of a f i l e  as 
spec i f i ed  by n. The d e f a u l t  i s  10 l i n e s .  

P r i n t s  ou t  the  l a s t  few l i n e s  o f  a f i l e  
as spec i f i ed  by n. 

Changes you t o  your  working d i rec to ry .  

Moves you t o  the d i r e c t o r y  s p e c i f i e d  by pathname. 

Changes the name of f i l e  1 t o  f i l e  2. 
The l o c a t i o n  can be changed a l so  i f  f i l e  2 
spec i f i es  a f u l l  pathname. 

Makes f i l e  2 a dup l i ca te  copy o f  f i l e  1. 

El iminates a s p e c i f i c  f i l e  o r  f i l e s .  

Formats a f i l e  f o r  p r i n t i n g  on the  l i n e  
p r i n t e r .  
f i l e  ( t e rm ina l )  unless otherwise d i rected.  

The ou tpu t  cames t o  the  standard ou tpu t  

Compares f i l e  1 and f i l e  2 and ind i ca tes  the  
f i r s t  character  and 1 i ne where any d i f f e r e n c e  
occurs. 

Ind icates what l i n e s  d i f f e r  i n  t h e  
two f i l e s .  
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5.2 Commands t o  Obtain Infomation 

The U N I X  opera t ing  system i s  user f r i e n d l y  i n  t h a t  i t  prov ides i n fo rma t ion  
regard ing the  syntax and use of c e r t a i n  commands i n t e r a c t i v e l y .  
prov ides i n t e r a c t i v e  in fo rmat ion  regard ing the  system environment. 
summary o f  some o f  these commands i s  presented i n  Table 5-2. 

It a l s o  
A b r i e f  

Table 5-2 

Commands t o  Obtain In fo rma t ion  

Command 

man 

apropos 

1 earn 

Func t i on 

Provides manual in fo rmat ion  on a s p e c i f i e d  keyword. 

L i s t s  the  manual sect ions conta in ing  the  s p e c i f i e d  keyword. 

Gives C A I  courses and p r a c t i c e  i n  the  use o f  some fea tures  
o f  U N I X  

s t t y  L i s t s  terminal  cha rac te r i s t i cs .  

date Gives c u r r e n t  date and time. 

f i n g e r  L i s t s  in fo rmat ion  on a l l  users c u r r e n t l y  on the  system. 

users Generates a compact l i s t  o f  a l l  users on t h e  system. 

p r i n tenv  P r i n t s  ou t  values o f  var iab les  i n  the environment. 

se t  

34 

Shows values o f  a l l  va r iab les  c u r r e n t l y  de f ined i n  t h e  
she l l .  
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I l l u s t r a t i o n s  of t he  ou tpu t  generated by the  commands i n  Table 5-2 appear 
be l  ow. 

% s t t y  
new tty, speed 1200 Baud; -tabs f f l  

% date 
Mon June 30 13:45:29 EDT 1986 

% f i n g e r  
Log in  Name TTY I d l e  When 
m am Magal i n e  Mack1 i n  09 Mon 13:41 
s j d  Sandra J. DeLoatch 10 Mon 13:26 

% users 
mam s j d  

% Dr in tenv  
HOME=/usr/nasa/mam 
SHELL=/bin/csh 
PATH=:/usr/ucb:/bin:usr/bin 
TERM=vt100 
USE R=mam 

% s e t  
arav 
cwd 
home 
path 
prompt 
she1 1 
s ta tus  
term 
user  

0 
/u s r / na s a/m am 
/usr/nasa/mam 
(./usr/ucb / b i n  /usr /b in )  
% 
/b in /csh 
0 
V t l O O  
marn 

O f f i c e  

~2 -2062  
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5.3 Qui t  Colands and Control Characters 

There are several control characters which have a special meaning t o  the UNIX 
operating system. Frequently used characters and the i r  functions are: 

AU ( k i l l )  Cancels a line 

( s t o p )  Suspends tenni nal output 

"Q ( s t a r t )  Resumes tenni nal output 

c ( intr)  Interrupts the execution o f  a j o b  or process 

z (susp) Suspends a running process or command 

Denotes end of f i l e  

A 

A 

"D (eof)  

The s t ty  command can be used t o  change the meaning of any of these characters. 
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5.4 Electronic Communication Coarands 

A use fu l  feature o f  the  UNIX computing environment i s  t h a t  it permi ts  
i n t e r a c t i v e  communication among users. The i n t e r a c t i v e  communication 
f a c i l i t i e s  permi t  users t o  send one-way messages o r  t o  communicate d i r e c t l y  by 
s imu la t i ng  a telephone c a l l  . The communicati on comnands are descri  bed be l  GW. 

mai 1 Used t o  send o r  receive messages 

w r i t e  Allows d i r e c t  communication w i t h  other  users (one-way 
communication) 

t a l k  Used t o  communicate d i r e c t l y  w i t h  o ther  users by s imu la t ing  
a two-way conversation. 

mesg n 

mesg Y 

Prevents anyone from w r i t i n g  o r  t a l k i n g  t o  you. 

Reverses t h e  e f f e c t  o f  mesg N. 

5.4.1 Mail 

The ma i l  command permi ts  you t o  receive messages o r  t o  send messages t o  o ther  
users on system. 
n o t i f i e s  you by p r i n t i n g  

When you have a message from another user, t he  system 

You have m a i l  

when you l o g  i n .  

I n  o rder  t o  read you r  messages, type 

ma i l  <CR7 

M a i l  w i l l  respond by t yp ing  i t s  version nwnber, the date, and a l i s t  o f  the  
messages you have wa i t ing .  Next, i n  response t o  the  m a i l  prompt, & enter .  

t 1 <CR> 

And your  f i r s t  message w i l l  be displayed. I f  you have several new m a i l  
messaoes, cont inue en te r ing  T and the  appropr ia te message number. You can 
Gelete messages by t yp ing  D a f t e r  reading the  message. Messages which are 
n o t  de le ted  are saved automat ica l ly  i n  the f i l e  mbox i n  you r  l o g i n  d i rec to ry .  

To send a message t o  another user, type 

ma i l  l o g i n  name <CR> 

message t e x t  

A '  
D 
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5.4.2 Write 

The w r i t e  command permits you t o  communicate d i r e c t l y  w i t h  other  users on the  
system. To i n i t i a t e  communication w i t h  another user, type 

I w r i t e  username ttyname 

message 

For example, 

w r i t e  rnac t tu08 

I am ready. 

Would cause the  fo l l ow ing  in fo rmat ion  t o  be d isp layed on the  terminal  o f  user 
rnac: 

Message from nirvana! Mac on t t y 0 8  a t  . . . 
I am ready. 

User rnac should w r i t e  back a t  t h i s  po in t .  Communication between two users 
continues u n t i l  an i n t e r r u p t  i s  sent. 

When only one ind i v idua l  i s  logged on w i t h  a given user name, ttyname can be 
omitted. The f i n g e r  command can be used t o  ob ta in  i n fo rma t ion  concerning the  
users c u r r e n t l y  on t h e  system. 
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5.4.3 Talk 

Talk permits you to  communicate directly w i t h  another user by simulating a 
conversation. The command can be used successfully on video display terminals 
w i t h  d i rect  cursor positioning. I n  order t o  talk to  another user, enter 

talk user name [ttyname] <CR> 

The following message will be sent t o  the terminal of the person you w i s h  t o  
communicate w i t h :  

message from talk-daemon nirvana a t  . . . 
t a l k :  connection requested by user name nirvana 

talk:  respond w i t h :  talk user name nirvana 

Once the recipient has  responded, each person's terminal screen is  sp l i t  in to  
two windows. 
recipient ' s  response. 
interrupt character. 

One window displays your message and the other displays the 
The conversation can be terminated by typing a n  
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6.0 EDITING FILES 

There are  several editors available under UNIX fo r  creating or modifying 
fi les.  One of these is a line-oriented editor called ed. In order t o  create 
a f i l e  using ed, type ed 

ed will respond by p r i n t i n g  

A t  this p o i n t ,  since the i n p u t  f i l e  does not exist, text may be inserted i n  
the buffer u s i n g  an inser t  ( i )  or append ( a )  command. The contents of the 
buffer can then be saved or modified by issuing certain other comnands. 
e d i t i n g  commands allow users t o  manipulate l ines  o f  t ex t  tha t  are inserted 
into the text  buffer. 

Line 

In order t o  inser t  text into an empty buffer, type 

i <CR> 
f i r s t  l ine  of text  <CR> 

l a s t  line o f  text <CR> 

'I.'' terminates the  insertion. The inserted tex t  can now be manipulated by 
specifying a l i ne  nmber or range of l ines  and a command. 
automatically assigned by ed when text  i s  entered into the buffer. 
range or l i ne  number is  specified w i t h  a command, the current l ine  i s  
manipulated. To determine which l ine  is  current, type 

Line numbers are  
When no 

For example, t o  change a l l  occurrences o f  llxyz'l t o  "abc" i n  l ine  4 of the tex t  
buffer, the following command i s  required 

(4s )/xyz/abc/ <CR> 

If l ine  4 i s  the current l ine,  then 

s/xyz/abc/ 

will  suffice. When your l ine  editing session is  complete, type 

to  terminate the session and  save the resul ts  of your edits.  
i s  omitted, the e d i t i n g  resul ts  are saved under the f i l e  name specified when 
ed was invoked. 
save the contents of your edit ing session. 

If the f i l e  name 

The q command should be used alone when you do not wish to 

Numerous l ine  editing comnands are available to  manipulate text. 
more frequently used commands and ranges of t ex t  are described i n  table  6-1. 

Some of the 
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Table 6-1 

Line E d i t i n g  Commands 

Functions 

Rep1 aci ng Lines 

Replace m through n w i t h  k lines 

Replace line 5 w i t h  single line of t ex t  

Pri n t i  ng L i  nes/Locati ng Text 

Print current line 
Print current 1 ine number 

Print lines m through n 
Print contents of the buffer 
Print all lines t h a t  contain a given string 
Locate the f i r s t  occurrence o f  a given 

string and print the line number where 
i t  occurs 

S u b s t i t u t i n g  Text 

Replace next occurrence o f  a given string 
i n  the current line 

Copying and Moving Text 

Copy same text i n  lines m through n t o  the 

Delete text i n  lines 40 through 50 and 
end of buffer 

insert i t  before 1 ine 80 

Commands 

m,nc 
f irst  line of t e x t  

iine k of text 

5c 
new 1 i ne 

- .- 
m,np 
1 ,$P 
g/stri ng/p 
/string/= 

s/ol d-stri ng/new-stri ng/ 

m , n t $  

40,5011180 
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7.0 USER AIDS FOR MACSYMA 

Numerous resources and f a c i l i t i e s  are ava i l ab le  t o  p rov ide  assistance w i t h  the 
use o f  MACSYMA. Wr i t ten resources i n c l  ude 

MACSYMA Reference Manual , 

MACSYMA Newsletter 
MACSYMA Appl i c a t i  ons News1 e t t e r  

A Primer 

The reference manual completely describe the  MACSYMA system. It l i s t s  a l l  t he  
commands, funct ions,  switches, and op t ions  t h a t  are a v a i l a b l e  f o r  use. The 
MACSYMA Primer provides a b r i e f  i n t r o d u c t i o n  t o  MACSYMA which inc ludes 
exampl es and i 11 u s t r a t i  ons o f  MACSYMA syntax. Both news1 e t t e r s  w i  11 p rov i  de 
general in fo rmat ion  o f  i n t e r e s t  t o  the  computer algebra community as we l l  as 
app l i ca t i ons  o f  MACSYMA t o  rea l  wor ld  problems. The f i r s t  t h ree  documents are 
ava i l ab le  from Symbol i cs ,  Inc. (11  Cambridge Center, Cambridge, MA 021421, 
wh i le  the  l a s t  document may be obta ined from Paradigm Associates, Inc.  
(29 Pubnan Avenue. Su i te  6. Cambridqe. MA 02139). Reference copies o f  the 
w r i t t e n  resources-are ava i l ab le  i n  EAB. I n  a d d i t i o n  t o  
there  are i n t e r a c t i v e  a ids t h a t  users may take advantag 
a ids  are described below. 

7.1 Demonstration and Share F i l e s  

The DEMO d i r e c t o r y  conta i  ns f i 1 es t h a t  prov ide i n t e r a c t  
how MACSYMA func t ions  work on r e a l  problems. To ob ta in  
avai  1 ab1 e, type 

( cd  /usr/macsyma.309/demo <CR>) 
1s <CR> 

t he  w r i t t e n  resources, 
of on-l ine. These 

ve demonstrations o f  
a l i s t i n g  o f  t he  f i l e s  

I n  order t o  run  a DEMO f i l e ,  load  MACSYMA, and a f t e r  the command l i n e  number 
appears, type 

batch ( "/usr/macsyma.309/demo/f i 1 enamel') ; <CR> 

demo ("/usr/macsyma.309/demo/f i lename"; <CR> 
o r  

The batch command generates a l i s t i n g  o f  the e n t i r e  f i l e  w i t h  no pauses 
between command l i nes .  
d isp lay .  To execute the next  command, type <CR>. 

The demo command produces a pause a f t e r  each command 

The SHARE d i rec to ry  provides a p p l i c a t i o n  programs con t r i bu ted  by members of 
the  MACSYMA user community. 
obta ined by typ ing  

A l i s t i n g  o f  the  a v a i l a b l e  programs may be 

cd /usr/macsyma.309/share <CR> 
1s <CR> 
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share f i l e s  o f  type "USE" provide the documentation f o r  the  use o f  programs 
and should be queued t o  the  l i n e  p r i n t e r .  
demonstrations of the  programs. To use one of  the share f i l e s ,  type 

F i l e s  o f  type "DEM" give  

batch(  "usr/macsyma.309/filename.mac"); <CR> 

1oadfile("/usr/macsyma.309/fi1ename. 1 'I) <CR> 
o r  

That i s ,  use batch for  MACSYMA h a c )  f i l e s  and l o a d f i l e  f o r  L I S P  ( 1 )  f i l e s .  
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7.2 Help Cannands 

MACSYMA has some very useful comnands t o  enable the user t o  obtain information 
on-line of par t icular  benefit t o  new users is 

primer (help); <CR> 

This command provides an interactive version of the MACSYMA Primer. 
useful commands are described below. 

Other 

Command Funct ion 

apropos (string) Prints a listing of a l l  MACSYMA commands or  
switches t h a t  contain "string" 

describe (command) D i  spl ays the description o f  ''command'' t h a t  
appears i n  the MACSYMA Reference Manual 

example (command) Provides examples of the use of certain commands 
on selected functions or expressions i n  demo mode 

Apropos is extremely useful when the exact name for a command does not  come t o  
mind, b u t  a string of characters t h a t  the name contains does. 
hand,  describe and example are helpful when a command name poses no problem, 
and a q u i c k  description or illustration of i t s  use i s  required. 

On the other 
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7.3 MACSYHA Break 

Suppose you have entered the  f 01 1 ow i ng command: 

f o r  n : l  t h r u  100 do fCn1: ratsimp(g[n])$ 

I f  the  command has no t  terminated a f t e r  a few minutes, you may wonder i f  the  
system i s  s t i l l  working on the  f i r s t  expression, o r  i s  near ing the 100th 
expression. The ca l cu la t i ons  can be i n t e r r u p t e d  i n  order  t o  explore the  
s ta tus  of the computation by typ ing  

The machine's response i s  

i n t e r r u p t  ( h  f o r  he lp ) :  

A t  t h i s  po in t ,  you may type 

t o  en ter  a MACSYMA break. Next, type 

t o  determine the  value o f  N. 
may wish t o  cancel t he  command and change your  expression. 

I f  the  system ind i ca tes  t h a t  N i s  s t i l l  1, you 

t o  cancel the command and r e t u r n  t o  MACSYMA. To e x i t  the MACSYMA break and 
cont inue the  computation, type 

e x i t ;  <CR> 

7.4 Storage Management Conmnands 

Computer algebra systems use la rge  amoun-s o f  memory, and one o f  the  major 
problems you might  encounter i s  running o u t  o f  space. 
should p e r i o d i c a l l y  remove l a r g e  expressions, f unc t i on  d e f i n i t i o n s ,  o r  i n p u t  
and ou tpu t  l i n e s  from your  a l loca ted  space, i f  they are no longer  needed. 
MACSYMA KILL command can be used f o r  t h i s  purpose. The command can have any 
one o f  t he  f o l l o w i n g  forms: 

For t h i s  reason, you 

The 

k i l l  (expression) $ 
k i l l  ( c - l abe ls )  $ 
k i l l  (d - labe ls )  $ 
k i l l  ( l a b e l s )  $ 
k i l l  ( a l l )  $ 
k i l l  (expressionl,  expression2, . . .) $ 
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When a l a r g e  amount of memory has been used, you will f r equen t ly  get a fa ta l  
e r r o r  from the system and will n o t  be a b l e  t o  recover  your  work. When your  
problem r e q u i r e s  a l a r g e  amount of memory, you might want t o  experiment w i t h  
the a l l o c  command. For  example, t r y  typ ing  

a1 1 oc ( LI ST, 1000) ; <CR> 

a t  the beginning of your  MACSYMA sess ion  t o  ob ta in  add i t iona l  l i s t  space.  
Other space parameters t h a t  can be manipulated a r e  FIXNUM, FLONUM, BIGNUM, 
SYMBOL, and ARRAY. 

Another method f o r  managing s t o r a g e  problems is t o  save the s i g n i f i c a n t  
p o r t i o n s  of your  MACSYMA se s s ion  f o r  further development i n  a new MACSYMA 
ses s ion .  T h i s  can be accomplished by typing  

save(" f  i l  e-specif  i c a t i o n "  ,1 i s t  of items); <CR> 

The  l i s t  of items may conta in  any one of the fol lowing:  

va lues  saves  a l l  express ions  which  a r e  no t  l a b e l s  o r  a r r a y s  

1 abel  s saves a1 1 1 abel ed express ions  

expres s ion (  s )  saves  any named expres s ion ( s1  

a r r a y s  saves a l l  dec la red  and undeclared a r r a y s  

func t ions  saves  a1 1 user-def i ned f u n c t i o n s  

The s t o r e d  express ions  can be loaded i n t o  i n  a new MACSYMA s e s s i o n ,  by u s i n g  
the 1 oadf i 1 e command. 
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COMMAND 

apropos 

c a t  

cd pathname 

cmp f l  f2  

cp f l  f 2  

date 

d i f f  f l  f2  

f inger  

head ( - n )  

1 earn 

1 s  

man (keyword) 

more 

n l  

Pr 

pri n t e n v  

s e t  

APPENDIX 

UNIX COMMAND 

FUNCTION 

A 

INDEX 

lists the manual sections containing the 
specified keyword 

displays the contents of a f i l e  

changes the current directory to  the one 
specified by pathname 

compares f l  and f 2  and indicates the f i r s t  
character and 1 ine where any difference occurs. 

make f i l e  f2  a duplicate copy o f  f l  

prints the current da te  and time 

indicates what lines d i f f e r  i n  f i l e s  f l  and f 2  

l ists  information on a l l  users currently 
on the system 

prints out the f irst  few l ines  of a f i l e  as 
specified by n 

provides CAI courses and practice i n  the 
use of some of the features of UNIX 

l is ts  the f i les  stored i n  a directory 

provides manual information on a specified 
keyword 

displays the contents of a f i l e  and pauses when 
the screen f i l l s  w i t h  information. 
spacebar prints another screen, returns prints 
another l ine ,  and q terminates the display. 

displays the contents of a f i l e  w i t h  l ine  numbers 

formats a f i l e  fo r  p r i n t i n g  on the l i ne  
printer. The output cones t o  the standard output 
f i l e  (terminal 1 unless otherwise directed. 

prints out values of variables i n  the environment 

shows values of a l l  variables currently 
defined i n  the shell 

Pressing the 
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stty 
t a i l  ( -n)  

users 

48 

1 i s t s  termi nal c h a r a c t e r i s t i c s  
p r i n t s  out  the l a s t  few l i n e s  of a f i l e  as 
spec i f ied  by n 

generates a compact l i s t  o f  h.11 users on t h e  
system. 

January 1987 

~ 



APPENDIX B 

AB 

% 

MACSYMA CONTROL CHARACTERS 

Enters and e x i t s  LISP from MACSYMA. 

L i n e  feed. 

Enters MACSYMA e d i t o r .  

E x i t s  MACSYMA e d i t o r .  

Tabs. 

Enters LISP. 

Enters MACSYMA i n t e r r u p t .  I n t e r r u p t  options are: 

1, Enters LISP. 
m, Enters MACSYMA break. 
h, Pr in ts  i n t e r r u p t  options. 
e,  Returns from i n t e r r u p t .  
r ,  Reset, r e t u r n  t o  top l e v e l .  
q, Q u i t  MACSYMA 
e x i t ;  Returns t o  top l e v e l  MACSYMA. 
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Accessing MACSYMA, 2 
A l l o c a t i n g  add i t i ona l  MACSYMA space, 46 

Batch, 28 
Batchload, 28 
batcon, 28 
Batch f i l e s ,  5 

C-l ine, 5 
c l o s e f i l e ,  28 
Command, 

l i n e ,  3 
prompt, 3 

Constants, 5 
Control character, 1 

UNIX,  36 
MACSYMA, 49 

D- l ine,  5 
demo d i rec to ry ,  42 
D i rec tory ,  24, 28 

change o f  defaul t ,  32 
pathname, 31 

I 

ed, 40 
i n s e r t i n g  t e x t ,  40 
invok ing,  40 
l i n e  command subset, 41 
l i n e  e d i t o r ,  40 
te rm ina t ion  of ,  40 

E d i t o r  
MACSYMA, 24 

I command subset, 24 

te rm ina t ion  of ,  24 
<ESC>, 1,24 
Expressions, 5 

I invok ing,  24 
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F i l e ,  31 
changing name o f ,  32 
copying o f  , 32 
c r e a t i o n  of ,  20,40 
d e l e t i o n  o f ,  33 
d i sp lay  of ,  33 
l i s t  o f  i n  d i r e c t o r y ,  33 
name, 31 
p r i n t i n g  o f ,  33 

F i l e  name, 31 

Generating FORTRAN code, 21  

HELP command 
MACSYMA, 42 
UNIX, 33 

In teg ra t i on ,  10 
I n t e r a c t i v e ,  5 

communication, 37 
KACSYMA aids, 42 

learn ,  33 
L i n e  e d i t i n g  commands, 41 
L i n e  e d i t o r ,  40 
l o a d f i l e ,  28 
Loading MACSYMA, 3 
Loading MACSYMA d i r e c t o r y  f i l e s  

batch, 40 
demo, 40 
l o a d f i l e ,  40 

Login, 3 
Logout, 4 

MACSYMA, 1 
MACSYMA break, 45 
MACSYMA capabi 1 i t i e s ,  1 
MACSYMA e d i t o r ,  24 
MACSYMA f i l e  commands, 28 
m a i l ,  37 
M a t r i x  operations, 16 
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Messages, 38 
mail, 37 
talk, 39 
write, 38 

Operators, 5 

Pas sword 
entering, 3 
to  change, 3 

Saving a MACSYMA session, 28, 46 
se t ,  34 
SHARE di rec tori es , 40 
Simp1 i f  i cati on commands, 5 
Sources of information, 42 

s t ty ,  34 

talk, 39 

U N I X  control characters, 36 
User aids, 42 
User name, 3 

write, 38 
writef i le ,  28 

52 January 1987 

~ ~~ ~- 



BIBLIOGRAPHY 

c 

Wang, Paul S.: Symposium on Symbolic and Algebra ic  Computation. Associat ion 
f o r  Computing Machinery, 1981. 

DeLoatch, Sandra J. : MACSYMA User's Guide. NASA CR-166059, 1983. 

Golden, V. E l len :  

Golden, V. E l len :  MACSYMA Primer. Laboratory f o r  Computer Science, 

An In t roduc t i on  t o  ITS f o r  the  MACSYMA User. Laboratory 
f o r  Computer Science, Massachusetts I n s t i t u t e  o f  Techno1 ogy, 1981. 

Massachusetts I n s t i t u t e  o f  Technology, 1982. 

Golden, V. E l len ,  and McGin, Mickey: Proceedings o f  the  1984 MACSYMA User's 
Conference. 

Joy, W. N., e t  a l :  U N I X  Programmer's Manual. Un ive rs i t y  o f  C a l i f o r n i a ,  
Berk l  ey , 1981. 

Lewis, V. E l l en :  Proceedings o f  the  1979 MACSYMA User's Conference. 
Laboratory f o r  Computer Science, Massachusetts I n s t i t u t e  o f  Technology, 
1979. 

Golden, V. E l len ,  and McGinn, Mickey: Proceedings o f  the  1984 MACSYMA User's 
Conference. 

MATHLAB Group: MACSYMA Reference Manual. Laboratory f o r  Computer Science, 
Massachusetts I n s t i t u t e  o f  Technology, 1978. 

Moses, Joel  : Algebra ic  S imp l i f i ca t i on ,  A Guide f o r  the Perplexed. 
Communications o f  the  ACM, Vol. 14, 1971, pp. 548-560. 

Moses, Joel :  Symbolic In tegra t ion .  Massachusetts I n s t i t u t e  o f  lechnology, 
1967. 

Meals, Kenton: Use o f  MACSYMA i n  the  Navy Laboratory Research Community. 
D. W. Tay lo r  Naval Ship Research and Development Center, 1979. 

Pave1 l e ,  Rothstein, and F i  tch: Computer A1 gebra. S c i e n t i f i c  American, Vol . 
245, 1981, pp. 136-153. 

January 1987 53 



1. Report No. 
NASA CR-172518 (Revision 1) 

MACSYMA Usage a t  Langley 

2. GovmmrntAc#con . No. 3. Rnipi.nt's Cam@ No. 

4. Title and Suhtitle 5. R ~ p o r t  0.m 

Nat ional  Aeronautics and Space Admin is t ra t ion  
Washington, DC 20546 

7. Author(s) 

Sandra Jean DeLoatch 

9. Performing Orgmization Name md Addreu 

14. Spomoring Agacy code 

505-90-21-02 

8. Worming OrQnization Report No. 

10. Work Unit No. 

15. Supplementary Notes 

Langley Technical Monitor: John N. Shoosmith 
(Supersedes NASA CR-172518, dated February 1985) 

Norfol k Sta te  Un ive rs i t y  Foundation 
2401 Corprew Avenue 
Nor fo l  k ,  VA 23504 

12. Sponsoring *y Name and Address 

~~ ~ 

16. Abstract 

MACSYMA, a l a r g e  and v e r s a t i l e  symbolic manipulat ion system, i s  discussed i n  
r e l a t i o n  t o  i t s  access and use a t  NASA, Langley Research Center. The r e p o r t  
provides i n t roduc to ry  in fo rmat ion  f o r  new users, desc r ip t i ons  o f  t he  a v a i l a b l e  
resources f o r  new and experienced users, and i l l u s t r a t i o n s  o f  se lected fea tures  
of the MACSYMA computing environment. 

11. Contract or Grant No. 
NAS1-16921 

13. Type of Report and Parid Covered 

Contractor  Report 

17. KW Words (Suggested by Author(s)) (STAR ategory underlined) 
Computer algebra 
MACSYMA 
NASA, LaRC 
Symbol i c mani pul a t i  on 

18. Distribution Statentent 

Unc lass i f i ed  - Un l im i ted  

Subject  Category 59 
21. No. of Pops 19. Scuity a r i f .  (of this report) 20. Security mf. (of this pg8) 

Uncl ass i f i ed Uncl ass i  f i e d  57 
22. Rice 

A04 


